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Mobile devices, which are like small computers, affect 
every aspect of our lives, including medicine and 
healthcare, and mobile health (mHealth) becomes 
a new and independent entity [1–6]. 

In this mini-review we describe cardiac mHealth. The 
term mHealth depicts medical and public health practi-
ce supported by mobile devices, such as mobile phones, 
patient monitoring devices, personal digital assistants, 
and other wireless devices [4]. This definition will cer-
tainly extend as new solutions and devices are develo-
ped, tested and introduced to the health market. Some 
additional devices not mentioned above include wearab-
le patches that can be attached to a patient’s skin for 
continuous monitoring 24 hours/day (e.g., ZephyrLife, 
ZephyrTM

, USA) and implantable devices (e.g., InSYNC 
pacemakers from Medtronic, cardioverters-defibrillators 
(ICD) or cardiac resynchronization therapy (CRT) devi-
ces), which transfer clinical data to monitoring centers via 
mobile phones [7–10]. A list of different devices with car-
diac mHealth potential is presented in Table 1 with some 
examples in Table 2 [7, 8, 11–15]. A schematic mHealth 
data flow to and from a patient is pictured in Figure 1.

Potential indications for cardiac mHealth
An increasing number of cardiac mHealth solutions are 
used to solve different problems for a variety of users 
including patients, their families, healthy people, medi-

cal professionals, health care providers, and insurance 
services [1–6, 16]. The data and information flow in 
cardiac mHealth is shown in Figure 2 whereas a  list 
of potential indications and applications of cardiac 
mHealth is presented in Table 3.

Most commonly, cardiac mHealth is applied as 
a  source of information and education. Patients find 
information on different health-related topics: a  diet 
for weight reduction, smoking cessation, non-pharma-
cological control of blood pressure or how to safely 
perform physical exercise [1–4, 6, 16, 17]. Medical pro-
fessionals search different resources for information on 
specific drugs or normal laboratory values. 

Dozens of smart phone applications (apps), usually 
free of charge, measure pulse rate directly on mobile 
devices – an instant measurement of the rate of capil-
lary pulsation is started right after placing a patient’s 
finger on the smartphone’s camera. The obtained sig-
nal of pulse rate can be further analyzed for computing 
heart rate variability to describe the autonomic influ-
ences on the heart [18]. 

The use of mHealth as a medical alert the next pos-
sible indication, by reminding individuals to take medi-
cation or measure glucose level, or by informing the 
patient about potential progression or aggravation of 
clinical condition (e.g., extremely high blood pressure 
or increased lung congestion) [10, 16]. 
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Table 1. A variety of devices and solutions supporting cardiac mHealth. Abbreviations: CRT – cardiac resynchronization, ECG – electrocardiography, 
ICD – implantable cardioverter-defibrillator

Devices & solutions with cardiac mHealth potential
Medical devices directly transferring measured vital signals or parameters via built-in communication mode: ECG machine, blood pressure monitor, 
cardiac impedance monitor 
Medical devices transferring measured vital signals/parameters via other mobile device: blood pressure monitor
Medical accessory measuring vital signals/parameters connected to or communicating with a mobile device: ECG electrodes, heart rate belt
Medical application installed in a mobile device: smart applications for instant heart rate
Medical patch attached to skin measuring vital signals/parameters communicating with a mobile device: patches measuring ECG, respiration, 
temperature, activity, position etc. 
Implanted medical device/sensor used for the treatment or diagnosis communicating with a mobile device: pacemaker, ICD, CRT, implantable loop 
recorder

Table 2. List of sample devices and solutions with mHealth potential [��������������������������������������������������������������������������������11–15���������������������������������������������������������������������������]. ������������������������������������������������������������������������Abbreviations: CPR – cardiopulmonary resuscitation, ECG – electrocardio-
graphy, EEG – electroencephalography, ICD – implantable cardioverter-defibrillator

Examples of cardiac mHealth devices & solutions

Implantable cardioverter defibrillator
A modern ICD is able to remotely communicate with the monitoring center after any intervention or report 
the current status of the device and electrodes

PocketCPR
This device offers instructions for bystanders to provide effective life-saving chest compressions in case of 
cardiac arrest

Zypher BioHarness 3 belt
This device performs accurate physiologic monitoring of numerous parameters including heart rate, blood 
pressure, and respiratory rate among others in a variety of real world conditions

AliveCor Heart Monitor
This smartphone accessory takes electrical impulses from patient’s skin to record ECG at any time and 
anywhere and transmits data to most mobile devices

Flexible Skin-Worn Patch Monitor These electronic patches can accurately monitor ECG and EEG under a variety of real world conditions

LIFENET 5.0
This mobile application offers physicians the ability to perform rapid consults, provide management 
decisions, notify appropriate healthcare services of patient condition and arrival, and provide monitoring of 
patient status all from a mobile device wherever they may be

Figure 1. Type of mHealth data generated by or sent to patients. Abbreviations: BP – blood pressure, ECG – 
electrocardiography, HR – heart rate, M/H: Medical/Healthcare
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Another excellent example of mHealth is a system 
for remote rapid consults in critical conditions (e.g., 
acute coronary syndromes) and fast clinical decisions 
(Lifenet 5.0 package, Physiocontrol, USA) [15]. This 
application can automatically activate special protocols 
helping hospital teams to prepare in advance for an 
incoming patient with a heart attack.

The cardiovascular risk assessment is an additional 
cardiac mHealth application to determine risk profile and 
the necessity of prescribing a statin. This can be done by 
using the SCORE (Systematic Coronary Risk Evaluation) 
Risk Chart available on a mobile app [19] or by the athero-
sclerotic cardiovascular disease (ASCVD) estimator [20]. 

The application of mHealth for diagnostic purposes is 
still in the preliminary phase and its use is mainly restrict-
ed to medical doctors. AliveCor is an accessory connected 
to a mobile phone which takes patient’s ECG – it may help 
to diagnose myocardial infarction or ischemia [13].

The next instance for mHealth is the monitoring of 
the effectiveness of medical therapy. This can be done 
in several ways by professional medical devices like 
blood pressure monitor, glucometer or body compo-
sition analyzer, which control specific parameters and 
send readings to monitoring centers. One very speci-
fic mHealth solution that can be applied by anyone, 
including bystanders, is PocketCPR either installed on 
a  smartphone (ZOLL Medical Corporation, USA) for 
free or purchased as a separate small device (�������BIO-DE-
TEK Inc, USA) [11]. In both cases, the smartphone or 
device is held in both hands of a  person performing 
cardiopulmonary resuscitation while it provides a real-
time feedback and guidance through the entire resusci-
tation, improving the effectiveness and success rate. 

Some other examples of mHealth are advanced 
solutions that allow monitoring and transmitting short 
ECGs with arrhythmias after activation by a  patient, 

Table 3. Potential indications and applications of cardiac mHealth. Abbreviations: CRT – cardiac resynchronization, ECG – electrocardiography, ICD – 
implantable cardioverter-defibrillator, ILR – implantable loop recorder, INR- international normalized ratio

Potential indications & applications of cardiac mHealth
FOR PATIENTS

Assessment of the risk of various cardiovascular diseases and their complications
Assessment of the risk of various cardiovascular invasive procedures
Monitoring of vital signals and selected parameters in high-risk patients (e.g. with recurrent arrhythmia or syncope)
Education of patients and their family members on cardiovascular risk, prevention, and algorithms of action in case of life emergency
Regular reporting on various cardiovascular measures (e.g. blood pressure, heart rate, INR)
Remote monitoring of implanted devices, long-term skin patches with measuring vital signals 

FOR MEDICAL PROFESSIONALS
Remote control of the effectiveness of therapy and progress of cardiovascular disease (e.g. heart failure)
Remote assistance in cardiac rehabilitation (post-infarction, heart failure, post cardiac surgery)
Remote control of implanted therapeutic (pacemaker, ICD, CRT ) and diagnostic (ILR) devices
Remote reading and monitoring of selected vital signals and parameters in high-risk patients
The need of regular and repeated education of patients and their family members

Figure 2. Data and information flow in mHealth
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family member or witness. The ECG tracings can also 
be automatically sent via an implanted device (e.g., 
ICD) directly to monitoring centers [7–9, 12, 15]. 

Potential benefits of using mHealth
It is rather a  matter of a  short time when cardiac 
mHealth will be routinely used and prescribed – 
a small medical application can easily turn a standard 
smartphone into a professional medical device. 

There are many potential benefits for the applica-
tion of cardiac mHealth (Table 4) like acquiring real-
time monitoring of vital signals, collecting clinical data 
on a large scale, reduction in costs of healthcare, which 

is particularly important in low-income and developing 
countries, and improved personalization of the medical 
treatment [1, 3, 4–8, 10, 16, 17, 18, 21, 22, 23]. 

Potential mHealth related risks and limitations
The capability of cardiac mHealth is anticipated to 
be one of the fastest growing areas in medicine and 
has also prompted research for its use in other areas 
(engineering, programming etc.) [1–4, 6, 7, 8, 23, 24]. 
However, the application of mHealth can be accom-
panied by risk (Table 5) some of which may convey 
an increased cardiovascular morbidity and mortality 
[2, 3, 4, 21]. The responsibility of using and prescrib-

Table 4. Potential benefits of cardiac mHealth for the general population, patients, medical practitioners, and healthcare providers

Benefits of using cardiac mHealth
Collecting community and clinical data at low cost and real time
Continuous delivery of updated healthcare information and services to practitioners, researchers, and patients at any time 
Real-time monitoring of patient’s vital signs
Provision of healthcare in a convenient and cost effective manner
Portability of mHealth devices – a “pocket-doc”
Encouragement of health and self-surveillance for patients
Supporting mHealth contemporary solutions in developing nations 
Beneficial interventions and programs on health in both high- and low-income countries 
Accessibility from home and any place to mHealth with a reduction in number of office visits patients need to make
Easier and faster communication with medical personnel
Automatic data collection that are sent directly to medical personnel, monitoring centers, researchers and developers, clinical scientists, and 
insurance system
Increasing patient’s mobility and ability to travel even for those who have chronic cardiovascular diseases
Easier communication with patients and their families 
Ability to review patient data and determine course of management from anywhere 
Ability to communicate course of management to patient and their families
Reduction of costs of diagnosis, monitoring, prophylaxis, risk assessment and treatment in selected diseases.
Transfer of some medical procedures closer to patient’s natural environment
More personalized approach to health and medical care

Table 5. Potential risks of cardiac mHealth for general population, patients, medical practitioners and healthcare providers

Risks of using cardiac mHealth
Not established standards for medical and sensitive data transfer between different users of mHealth
Dependence on the availability of access to communication network
Not standardized protocols, algorithms, sensors with a variety of mobile devices which are not primarily medical devices
Lack of personal responsibility for taking decisions
Lack of legal regulations for using mHealth
Lack of reimbursement from insurance systems
Troubles with using advanced mHealth solutions by substanial number of people not familiar with modern internet & communication technologies
Lack of data from prospective, multicenter and randomized trials
Lack of recommendations of using mHealth in specific cardiovascular problems or prophylaxis
Lack of controlling institutions ready to certify mHealth solutions
Massive development of unverified medical and health-related smart apps by people with no medical background, expertise and skills
No certificates for majority of mHealth solutions
No assistance in choosing right mHealth solution for specific cardiovascular problems
Lack of face-to-face contact between patients and medical/health care professionals
Misunderstanding of instructions, comments, questions and answers from medical/health care professionals
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ing mHealth is undetermined and it is unclear wheth-
er insurance companies will reimburse mHealth. As of 
right now, there are no legal regulations on mHealth, 
and the first documents are either in very preliminary 
forms or are under construction [2, 3, 4, 22]. 

Nevertheless, the development of cardiac mHealth 
seems unstoppable – the first mHealth devices and 
applications have gotten approval from the Food and 
Drug Administration in USA for the use by medical pro-
fessionals while many others are being introduced to 
the market by medical industry without approval from 
any regulatory institution [2–5].

While mHealth provides a  sort of “pocket-doc”, 
there is no replacement for the physical and emotional 
support or a live personal physician. As with any inno-
vative technological advancement, mHealth comes 
with its limitations. It may offer advantages in specific 
aspects of healthcare but its vast reach is not finite. 
There are neither big, prospective, multicenter and ran-
domized clinical studies exploring the application of 
mHealth to cardiac patients nor guidelines on the use 
of cardiac mHealth from any of the largest cardiac soci-
eties [3, 4, 5, 17]. 

Summary

Users adopt the cardiac mHealth tools nearly as 
quickly as they are developed for different purposes. 
With the rising popularity of mobile devices, cardiac 
mHealth has the potential to help modifying lifestyle, 
aid in chronic cardiovascular disease (e.g., heart failure, 
hypertension, arrhythmias), self-management and sur-
veillance [1, 3–8, 10, 16, 17, 18, 22, 23, 25, 26]. Car-
diac mHealth may improve physician, researcher, and 
patient understanding of cardiovascular diseases and 
risk factors, reduce needs for healthcare visits, help to 
collect community and clinical health data and vital 
signals, and provide immediate, personalized medical 
interventions. Cardiac mHealth can bring ease for peo-
ple to take care of their own health and promote life-
style changes, and supply immediate access to medical 
information whenever and wherever they require it.

Acknowledgments 
None of the authors has any conflict of interest in rela-
tion to the cardiac mHealth.

References
Kay M, Santos J, Takane M. mHealth: New horizons for 1.	
health through mobile technologies. World Health Orga-

nization. 2011; http://www.who.int/ehealth/mhealth_
summit.pdf.
Food and Drug Administration. Mobile medical applica-2.	
tions. Guidance for Industry and Food and Drug Admini-
stration Staff. 2013;1–43; http://www.fda.gov/downloa-
ds/MedicalDevices/DeviceRegulationandGuidance/Gui-
danceDocuments/UCM263366.pdf.
Food and Drug Administration. Mobile medical applica-3.	
tions; http://www.fda.gov/medicaldevices/productsan-
dmedicalprocedures/connectedhealth/mobilemedicalap-
plications/default.htm.
European Commission. Green Paper on mobile heal-4.	
th ("mHealth"). Brussels, 2014, April 10, 1–20; https://
ec.europa.eu/digital-agenda/en/news/green-paper-mo-
bile-health-mhealth.
Free C, Phillips G, Watson L, Galli L, Felix L, Edwards P, 5.	
Patel V, Haines A. The effectiveness of mobile-health 
technologies to improve health care service delivery pro-
cesses: a systematic review and meta-analysis. PLoS Med. 
2013;10:e1001363. 
Labrique AB, Vasudevan L, Kochi E, Fabricant, Mehl G. 6.	
mHealth innovations as health system strengthening 
tools: 12 common applications and a visual framework. 
Glob Health Sci Pract. 2013;1:160–71.
Lobodzinski S. New devices for very long-term ECG moni-7.	
toring. Cardiol J. 2012;19:210–4.
Lobodzinski S. ECG patch monitors for assessment of 8.	
cardiac rhythm abnormalities. Prog Cardiovascular Dis. 
2013;56:224–9.
http://zephyranywhere.com/products/biopatch.9.	
Brachmann J, Böhm M, Rybak K, Klein G, Butter C, 10.	
Klemm H, Schomburg R, Siebermair J, Israel C, Sinha 
AM, Drexler H. OptiLink HF Study Executive Board and 
Investigators. Fluid status monitoring with a  wireless 
network to reduce cardiovascular-related hospitalizations 
and mortality in heart failure: rationale and design of the 
OptiLink HF Study (Optimization of Heart Failure Mana-
gement using OptiVol Fluid Status Monitoring and Care-
Link). Eur J Heart Fail. 2011;13:796–804.
http://www.pocketcpr.com/pocketcpr.html.11.	
http://zephyranywhere.com/products/bioharness-3.12.	
http://www.alivecor.com/what-is-it.13.	
http://www.medgadget.com/2014/04/flexible-skin-14.	
worn-patch-monitors-eeg-ecg-sends-recorded-data-via-
wireless-video.html.
http://www.physio-control.com/LIFENET.15.	
Cho JH, Lee HC, Lim DJ, Kwon HS, Yoon KH. Mobile com-16.	
munication using a mobile phone with a glucometer for 
glucose control in Type 2 patients with diabetes: as effec-
tive as an Internet-based glucose monitoring system. J 
 Telemed Telecare. 2009;15:77–82. 
Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, 17.	
Patel V, Haines A. The Effectiveness of Mobile-Health 
Technology-Based Health Behaviour Change or Disease 
Management Interventions for Health Care Consumers: 
A Systematic Review. PLoS Med. 2013;10:e1001362.
Heathers JA. Smartphone-enabled pulse rate variabili-18.	
ty: an alternative methodology for the collection of heart 
rate variability in psychophysiological research. Int J Psy-
chophysiol. 2013;89:297–304. 
http://escardio.org/communities/EACPR/toolbox/health19.	
-professionals/Pages/SCORE-Risk-Charts.aspx.



199A thousand words about cardiac mobile health

http://tools.cardiosource.org/ASCVD-Risk-Estimator.20.	
Brian R, Ben-Zeev D. Mobile health (mHealth) for men-21.	
tal health in Asia: Objectives, strategies, and limitations. 
Asian J. Psychiatry. 2014; http://dx.doi.org/10.1016/j.
ajp.2014.04.006.
Fox S, Duggan M. Mobile health 2012. Pew Rese-22.	
arch Center's Internet x0026 American Life Project 
[Internet]. 2012; December 7; http://pewinternet.org/
Reports/2012/Mobile-Health.aspx.
Rabin  C, B ock B .  Desired features of smartphone 23.	
applications promoting physical activity.  Telemed J E 
health. 2011;17:801–3.
Imtiaz SA, Casson AJ, Rodriguez-Villegas E. Compres-24.	
sion in Wearable Sensor Nodes: Impacts of Node Topo-
logy. IEEE Transactions on Biomedical Engineering 2014; 
61:1080–90.
Beatty A, Fukuoka Y, Whooley M. Using Mobile Tech-25.	
nology for Cardiac Rehabilitation: A Review and Frame-

work for Development and Evaluation. J Am Heart Assoc. 
2013;2:e000568.
Fukuoka Y, Vittinghoff E, Jong SS, Haskell W. Innova-26.	
tion to motivation – pilot study of a mobile phone inter-
vention to increase physical activity among sedentary 
women. Prev Med. 2010;51:287–9.

Correspondence address:
Przemysław Guzik

Department of Cardiology – Intensive Therapy 
and Internal Medicine

Poznan University of Medical Sciences
49 Przybyszewskiego Street, 60-355 Poznań, Poland

phone: +48 61 869 13 91
fax: +48 61 869 16 89

email: pguzik@ptkardio.pl


